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large bronchi where their number exceeds those in the
smaller airways. In addition, mediators of asthma may have
selective effects on the bronchial cough receptors.

Some authorities suggest that wheezing is present sub-
clinically and would be uncovered with careful auscultation
after maximal forced expiration. Wheezing after such ma-

neuvers could not, however, be correlated with tests of bron-
chial hyperresponsiveness in a group of patients diagnosed as

having atypical asthma.
Recognizing this form of asthma is important because the

disorder responds readily to the use of bronchodilators in
most patients and to corticosteroids in the rest.

HAROLD NOVEY, MD
Irvine, California
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Chronic Granulomatous Disease
CHRONIC GRANULOMATOUS DISEASE (CGD) is a rare inher-
ited disorder characterized by recurrent pyogenic infections
most commonly involving the lung, liver, lymph nodes, or

deep subcutaneous tissues. Chronic inflammation often de-
velops, and complications due to obstructive granuloma, fi-
brosis, bronchiectasis, and emphysema may occur. Chronic
granulomatous disease occurs because of an inability of
phagocytic cells to convert oxygen into superoxide (02-).
The killing of ingested microbes is impaired because 02- is

the precursor for all other microbicidal oxidants produced by
phagocytic cells. The microorganisms most frequently re-

sponsible for infections in CGD include Staphylococcus au-

reus, Enterobacter species, and aspergilli.
An enzyme referred to as the respiratory burst oxidase is

normally responsible for the generation of 02- and is defec-
tive in patients with CGD. The nitroblue tetrazolium (NBT)
test remains the most common method to diagnose CGD.
This test is based on the ability of 02- to reduce NBT from a

yellow water-soluble tetrazolium dye to a blue insoluble for-
mazan pigment that is easily visible under light microscopy
as intracellular precipitates within activated neutrophils and
monocytes. Recently it has become apparent that the oxidase
is actually a complex multicomponent enzyme system that
includes several cytosolic components and a unique heterodi-
meric membrane-bound cytochrome b. It is therefore not
surprising that CGD, like many other inherited diseases, is a
heterogeneous group of disorders, each with a different ge-
netic defect affecting a separate component of the oxidase.

The discovery ofa method to activate the oxidase in a cell-
free system has made it possible to classify CGD into oxidase
defects involving either the membrane or cytosol. Most pa-
tients with CGD (55% of cases) have a membrane defect due
to abnormalities in the 91-kd glycoprotein subunit of the
cytochrome b. The gene encoding this protein is located
within the p21 locus of the X chromosome, and mutations at
this site are responsible for the classic X-linked form ofCGD.
In 5% of cases, a membrane defect occurs due to an inherited
abnormality in the 22-kd subunit of the cytochrome b, which
is encoded by a gene on chromosome 16. No patients with

CGD have been reported to have membrane defects other
than abnormalities involving cytochrome b subunits. Patients
with CGD who have cytosol defects (35% of cases) usually
lack a 47-kd phosphoprotein. This protein is critical in the
translocation of known cytosolic oxidase components to the
membrane where the active oxidase resides. In 5% of cases,
the CGD phenotype results from a deficiency of another
cytosol oxidase component, a 67-kd polypeptide of unknown
function. So far, all CGD patients with known cytosol defects
have abnormalities involving either the 47-kd or 67-kd cyto-
solic proteins. Inheritance for both is autosomal recessive;
the 47-kd and 67-kd proteins are encoded by genes on chro-
mosomes 7 and 1, respectively. The exact nature of the ge-
netic defects causing these types of CGD remains unknown.
Asymptomatic carriers of these cytosol defects can be identi-
fied using the cell-free system.

The cornerstones oftherapy for CGD remain daily antibi-
otic prophylaxis, the early institution of parenteral antibiotic
therapy, and the prompt surgical drainage of abscesses. Al-
though no controlled trial has been done, extensive clinical
experience has shown that antibiotic prophylaxis in patients
with CGD reduces the incidence of infections and prolongs
patients' survival. Recombinant human interferon gamma
(IFN--y) can now also be included as an effective and safe
form of prophylactic therapy for patients having CGD. In a
recently reported double-blind placebo-controlled study of
128 patients with CGD, recombinant IFN--y therapy (0.05
mg per m2 per dose given subcutaneously three times a week)
led to a 70% reduction in the incidence of serious infections.
Recombinant IFN--y therapy was particularly beneficial in
children younger than 10 years. The treatment was well toler-
ated in patients of all ages, and many patients treated for more
than two years have yet to experience serious toxic effects.
The clinical response to recombinant IFN--y therapy oc-
curred in all forms of CGD, regardless of the genetic defect,
and was not associated with any improvement in phagocyte
02- production. The precise mechanism(s) of action of re-

combinant IFN--y in CGD remains unknown; it appears that
it enhances host defenses through a pathway other than
phagocyte 02- production. Currently it is recommended that
recombinant IFN--y, three times a week, and daily antibiotic
prophylaxis be given together indefinitely.

Based on the current understanding of the oxidase, it
appears that somatic gene therapy directed at autologous
marrow stem cells may eventually become a promising treat-
ment of CGD. Further characterization of the oxidase also
has important implications for disorders other than chronic
granulomatous disease. It is anticipated that in the near fu-
ture, agents that modify oxidase activity will become impor-
tant anti-inflammatory drugs. RCHARD C. WOODMAN, MD
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